It is demonstrated that an electromagnetic pulse, which is made to tunnel through a barrier, would not be photo-detected before an identical pulse, which travels the same distance in vacuum.
as the barrier pulse, a barrier of thickness d is introduced, say between x 1 and x 2 with x 2 − x 1 = d (See Fig. 1(a) ). A barrier is understood here as a region in space, where in the range of frequencies of the pulse, EM waves can travel only as evanescent waves, and the transmitted wave is attenuated without any absorption.
The EM signals will be represented by the electric field E(r, t) =ŷE(x, t), where r is the radius vector, and t is the time. The reference field propagating along the x − axis is given by
Here f (ω − ω 0 ) is the spectral function of the pulse, t 0 is the time when the field is maximum at the entrance position x 0 , and c is the speed of light in vacuum. The spectral function of the angular frequency ω is taken to be symmetric and centered at ω 0 . Its spectral width, ∆ω is extremely narrow, i.e. ∆ω << ω 0 , however the time duration of the pulse, ∼ 1/∆ω, is assumed to be much shorter than T = l/c, the EM time retardation between x 0 and the detector position at x l . It is convenient to introduce the analytic signal,
in terms of which E r (x, t) = ℜ{E r (x, t)}, where ℜ stands for the real part of.
The detector at x l is considered to be a broadband or fast photoionization detector.
The probability that the first electron will be ejected by the incoming signal at the time t is given by
far in the past with respect to the arrival time of the pulse to the detector. If we set, for convenience, t 0 = 0, then for positive t we get for the detector of the reference signal
We turn now to the detection of the barrier pulse. The analytic signal along the barrier path, for x > x 2 , i.e. to the right of the barrier is
where τ (ω) it transmission coefficient through the barrier. While to the left of the barrier,
where ρ(ω) is the reflection function. For a given physical barrier the functions τ and ρ are determined electromagnetically for a propagating plane wave of frequency ω.
Thus for an identical broadband detector at x l , on the barrier path, the probability that the first electron will be ejected at time t is evidently
In terms of the complex transmission function
where B =| τ (ω) | and φ are real functions of the frequency, we get for the detector of the barrier signal
In the present set-up the relevant question is which detector will fire first, or rathersince the detectors must be treated quantum-mechanically -which ionization probability is larger, P r (t) of the reference path, or P b (t) of the barrier channel. This way we avoid the questions related to whether the velocity of the pulse is "faster than light". We shall demonstrate that, at least for the classical experiments, when the barrier prohibits propagating EM waves, i.e. allows only evanescent waves through it, the answer is P r (t) > P b (t). That is, the free channel detector is more probable to fire first, and thus, in this sense the evanescent wave is not superluminal.
We start with the analysis of an experimental set-up analog to that of Ref. 4 .
It is clear that similar analysis would be relevant to the other classical cases of Refs. 1,2. We consider a barrier made of a quarter wave stake (aka MDM) of the form The thickness of the alternate layers of the MDM is taken to be optically equivalent to one quarter of the central wave length. The angle of incidence of the barrier pulse on the MDM is taken to be zero. The complex transmission coefficient, τ (ω), of this MDM is depicted in Fig. 1(b) . Here, the magnitude, B(ω) (solid line), and the phase, φ(ω), (dashed line) are plotted as functions of the frequency; and also shown, for comparison, is the spectral function of the pulse (dash-dot line). It is evident that B is symmetric with respect to the central frequency, ν 0 , while φ is antisymmetric. furthermore, the phase is practically linear over the range where f is appreciable, and to a good extent its slope represents the apparent time delay seen in the experiments, e.g. ∼ 5 fs of Ref. 4 .
We now calculate numerically the relative probabilities for ejection of an electron of the two identical detectors (same α) using P r (t)/α of Eq. (2), and P b (t)/α of Eq. (3). The results are plotted in Fig. 2 , with the time measured relative to the vacuum retardation time T = (x l − x 0 )/c. It is clearly demonstrated that, at all times, the probability of detecting an electron injected by the vacuum or reference pulse, is much greater than that of the barrier pulse. The plateau reached on the vacuum channel is about 10 4 times larger than that of the barrier channel, and is not seen in the figure. We therefore conclude that direct detection of the split pulses does not unveil any superluminal behavior of the evanescent wave.
It would be interesting to verify this conclusion for a general barrier, which compels propagating waves to tunnel as evanescent waves through the barrier. It should be demonstrated that for any tunnel barrier, which is represented by a causal τ (ω), with attenuated transmitted pulse, the difference in probability, ∆P (t) = P r (t) − P b (t), is positive. From
Eqs. (2,3) we have
We were not able to provide a general proof that ∆P (t) > 0, however this seems to be plausible when in Eq. (4) Harmonic Generation (SHG) signal, due to time coincidence of the two pulses, which are directed to the detector. Their control parameter is the arm length of the reference pulse, which varies to produce coincidence. They detect essentially the the reference and barrier signals 7 , i.e.,
where t is the relative delay time of the pulses. This measurement of the product of the pulses is clearly sensitive to the distortion, which the pulse suffers passing through the barrier. While in our proposed scheme the response of the detectors is evidently connected to the transfer times of the two pulses, in the coincidence experiments the measurement corresponds to indirect evidence on the times of flight.
To conclude we wish to remark that the comparison with the case of Steinberg et al 3 is harder to make, since they deal with single photons, which should be analyzed by quantum mechanics. The only relevant statement we may offer is that, if in some sense, single photons could have been precisely described in terms of wave packets, analogous to the classical ones outlined here, the same arguments would be applicable for a similar Gedanken experiment with two photodetectors for the twin photons. 
